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)LJ0LFURVWUXFWXUHRID$$7	E$$7DW ;
 0DFURVWUXFWXUHVWXGLHVIRUGLVVLPLODUZHOGV
)LJ7\SLFDOPLFURJUDSKVKRZLQJYDULRXVUHJLRQVRIWKH)6ZHOGHGSODWHDW;
)LJ0DFURLPDJHRIWUDQVYHUVHFURVVVHFWLRQDW;D7&7WRROZLWKUSP	PPPLQE767WRROZLWKUSP	 PPPLQF66
WRROZLWKUSP	PPPLQ
)LJ VKRZV WKHPLFURJUDSK RI WKHSURGXFHGZHOG DIWHU WKRURXJKO\ HWFKHGZLWK WKHNHOOHU¶V UHDJHQWPDUNHG DV
VWLUUHG ]RQH 6= WKHUPRPHFKDQLFDO DIIHFWHG ]RQH 70$= DQGEDVHPHWDO %0)LJ VKRZV WKH W\SLFDOPDFUR
LPDJHVRIWKHWUDQVYHUVHFURVVVHFWLRQIRUWKUHHGLIIHUHQWSURFHVVSDUDPHWHUVZLWKWKUHHGLIIHUHQWSLQSURILOHV7DSHU
F\OLQGULFDOWKUHDGHG7&77DSHUVTXDUHWKUHDGHG767DQG6LPSOH6TXDUH66)LJ DLQGLFDWHVWKHPDFURLPDJH
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RIWKHFURVVVHFWLRQRIWKHEXWWZHOGHGGLVVLPLODUSODWHVRIKHDWWUHDWDEOHZURXJKWDOXPLQLXPDOOR\VQDPHO\RQ
WKHOHIWDQGRQWKHULJKW7KHSDUHQWPHWDORIVKRZVWKHJUDLQIORZDORQJWKHGLUHFWLRQRIWKHUROOLQJDQG
WKH  VKRZV WKH ILQH JUDLQ IORZ )LJ E LQGLFDWHV WKH PDFUR LPDJH RI WKH FURVVVHFWLRQ RI WKH EXWW ZHOGHG
GLVVLPLODU SODWHV RQ WKH OHIW DQGRQ WKH ULJKW7KHSDUHQWPHWDORIVKRZV WKHJUDLQ IORZDORQJ WKH
GLUHFWLRQRI WKHUROOLQJ$QG WKHVKRZV WKHILQHJUDLQIORZ)LJ E LQGLFDWHV WKHPDFUR LPDJHRI WKHFURVV
VHFWLRQRIWKHEXWWZHOGHGGLVVLPLODUSODWHVRQWKHULJKWDQGRQWKHOHIW7KHSDUHQWPHWDORIVKRZV
WKHJUDLQIORZDORQJWKHGLUHFWLRQRIWKHUROOLQJZKLOHWKHVKRZVWKHILQHJUDLQIORZ
 0LFUR VWUXFWXUHVWXGLHVIRUGLVVLPLODUZHOGV
7\SLFDOPLFURJUDSKV UHYHDO LPSRUWDQW IHDWXUHV LQ VRPHRI WKH LQWHUIDFLDO UHJLRQVRI WKHZHOGVSURGXFHGE\ WKLV
FKDUDFWHUL]DWLRQZRUNDUHKHUHE\SUHVHQWHGEHORZ)LJ DI SUHVHQWVWKHPLFURVWUXFWXUHVLQYDULRXV]RQHV RIWKH
MRLQW LQWHUIDFHRI WKH ZHOG SURGXFHG DW  USP DQG PPPLQ ZLWK 7&7 WRRO)LJ DJ SUHVHQWV WKH
PLFURVWUXFWXUHVLQYDULRXV]RQHV RIWKHMRLQWLQWHUIDFHRIWKHZHOGSURGXFHGDWUSPDQGPPPLQZLWK767WRRO
)LJDJ SUHVHQWVWKH PLFURVWUXFWXUHVLQYDULRXV]RQHV RIWKHMRLQWLQWHUIDFHRIWKHZHOGSURGXFHGDW USPDQG
 PPPLQ ZLWK66WRRO
)LJ DI0LFUR LPDJHVRIWUDQVYHUVHFURVVVHFWLRQDW;IRU7&7WRROZLWKUSP	PPPLQ
)LJ DJ0LFUR LPDJHVRIWUDQVYHUVHFURVVVHFWLRQDW;IRU767WRROZLWKUSP	PPPLQ
)LJ DJ0LFUR LPDJHVRIWUDQVYHUVHFURVVVHFWLRQDW;IRU66WRROZLWKUSP	PPPLQ
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)LJDVKRZVWKHPLFURVWUXFWXUHRIWKHLQ7FRQGLWLRQVROXWLRQKHDWHGDQGSUHFLSLWDWHGWUHDWPHQW7KH
PLFURVWUXFWXUH VKRZV WKHJUDLQ IORZDORQJ WKHGLUHFWLRQRI UROOLQJ7KH HXWHFWLF SDUWLFOHV SUHVHQWV DUH&X$O$O
0J	=Q$ODV ILQHSUHFLSLWDWHV LQDOXPLQLXPVROLGVROXWLRQZKLFK LV WKHPDLQPDWUL[)LJE UHSUHVHQWV WKH
)6:]RQHZKHUHDOWHUQDWHOD\HUVRIDOOR\DQGDOOR\VDUHKDYHXQGHUJRQHIXVLRQ7KHSUHFLSLWDWHGSDUWLFOHV
LQERWKKDYHEHFRPHODUJHUGXH WRKHDWDQGVWUHVV)LJFVKRZV WKH LQWHUIDFH]RQHRI WKHSDUHQWZLWK WKH
IXVLRQ]RQH )6:)LJGVKRZVWKH)6:]RQHGRPLQDWHGE\PDWUL[)LJHVKRZVWKHLQWHUIDFH]RQHRI
SDUHQWPHWDOZLWK70$=]RQHRIDOWHUQDWHOD\HUVRIDQGDOOR\V)LJIPLFURVWUXFWXUHVKRZVILQH
SDUWLFOHVRI0J6LWKDWDUHSUHFLSLWDWHG LQ$OXPLQLXPVROLGVROXWLRQZKLFKWKHPDWUL[ )LJEVKRZVWKH707]RQH
RIZKHUHJUDLQVDUHRULHQWHGDORQJ WKHVWLUULQJGLUHFWLRQ)LJFUHSUHVHQWVWKH)6:]RQHZLWKFRPSOHWHO\
IUDJPHQWHGSDUWLFOHVRIHXWHFWLF VWUHQJWKHQLQJDJHQWVRIDQG SUHFLSLWDWHG)LJ G VKRZV WKHDOWHUQDWH
OD\HUVRIDQGDWWKH)6:]RQH)LJHVKRZVWKH)6:]RQHZKHUHDOWHUQDWHOD\HUVRIDOOR\DQG
DOOR\VDUHKDYHXQGHUJRQHIXVLRQ7KHSUHFLSLWDWHGSDUWLFOHVLQERWKKDYHEHFRPHODUJHUGXH WRKHDWDQGVWUHVV
)LJ I VKRZV WKH)6:]RQHZKHUHDOWHUQDWHOD\HUVRIDOOR\DQGDOOR\VDUHKDYHXQGHUJRQHIXVLRQ7KH
SUHFLSLWDWHGSDUWLFOHVLQERWKKDYHEHFRPHODUJHUGXHWRKHDWDQGVWUHVV
)LJE6KRZVWKH70$=]RQHRIZKHUH JUDLQVDUHRULHQWHGDORQJWKHVWLUULQJGLUHFWLRQ)LJFVKRZV
WKH)6:]RQHZLWKFRPSOHWHO\IUDJPHQWHGSDUWLFOHVRIHXWHFWLFVWUHQJWKHQLQJDJHQWVRIDQGSUHFLSLWDWHG
)LJ G UHSUHVHQWV WKH )6: ]RQH ZKHUH DOWHUQDWH OD\HUV RI  DOOR\ DQG  DOOR\V DUH KDYH XQGHUJRQH
IXVLRQ7KHSUHFLSLWDWHGSDUWLFOHVLQERWKKDYHEHFRPHODUJHUGXHWRKHDWDQGVWUHVV)LJHVKRZVWKH)6:]RQH
ZKHUHDOWHUQDWHOD\HUVRIDOOR\DQGDOOR\VDUHKDYHXQGHUJRQHIXVLRQ7KHSUHFLSLWDWHGSDUWLFOHVLQERWK
KDYHEHFRPH ODUJHUGXH WRKHDWDQGVWUHVV)LJ I VKRZV WKH70$=]RQHRI IRUPLQJRQLRQ ULQJVDQG WKH
SDUHQWPHWDODW WKHULJKWVLGH)LJJPLFURVWUXFWXUHVKRZV ILQHSDUWLFOHVRI0J6L WKDWDUHSUHFLSLWDWHG LQ
$OXPLQLXPVROLGVROXWLRQZKLFKWKHPDWUL[
 6FDQQLQJHOHFWURQPLFURVFRSHVWXGLHVIRUGLVVLPLODUZHOGV
)LJDEVKRZVWKH6(0LPDJHVZKHUHWKHUHJLRQVIURPWKHFHQWHURIWKHQXJJHW=RQHV7KH]RQHVLQGLFDWHG
WKDWDJRRGIXVLRQRIWKHDQGKDVSURGXFHGDOWHUQDWHOD\HUVZLWKILQHJUDLQV7KHEURDGEDQGLVIURP
DQG WKH OLJKWGXOO DUHDVDUH IURPDOOR\7KH LPDJHDW)LJ F VKRZV WKHGRPLQDQWDOOR\ IXVLRQDW WKH
QXJJHW]RQH)LJGH6(0LPDJHVVKRZVWKH707]RQHRIWKHZLWKWKHIRUPDWLRQRIWKHRQLRQULQJVZLWK
DOOR\7KH LPDJHV LQGLFDWH WKHQXJJHW]RQHZLWK ORZHUSHUFHQWDJHRI WKHDOOR\ IRUPLQJ WKLQULQJV7KH
LPDJHDW)LJIVKRZVWKHSUHFLSLWDWLRQRIWKHLQWHUPHWDOOLFVDWWKHQXJJHW]RQH)LJJVKRZVWKH,PDJHRIWKH
SDUHQW PHWDO  DORQJ WKH GLUHFWLRQ RI WKH UROOLQJ 7KH SUHVHQFH RI XQGLVVROYHG HXWHFWLFV LV DW WKH JUDLQ
ERXQGDULHV7KHLPDJH)LJKVKRZVWKH707]RQHZKLFKFRQVLVWVRIDOWHUQDWHULQJVRIDQGDOOR\V7KH
JUDLQVDUH ILQHDQGFRXOGQRWEHUHVROYHGDWKLJKHUPDJQLILFDWLRQV)URP WKH)LJDF LW LV IRXQG WKDWGLPSOH
IUDFWXUHPHFKDQLVPZDVRFFXUUHGZLWKVRPHGHJUHHRIGXFWLOLW\LQPL[LQJWKHVHWZRDOOR\V
)LJ7\SLFDO6(0LPDJHVDFIRU7&7WRROZLWKUSP	PPPLQGIIRU767WRROZLWKUSP	PPPLQJIIRU66WRROZLWK
USP	PPPLQ
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)LJ6(0IUDFWRJUDSKVIURPWKHZHOGFURVVVHFWLRQDW6=D7&7WRROZLWKUSP	PPPLQE767WRROZLWKUSP	 PPPLQ
F66WRROZLWKUSP	PPPLQ
 ('$;VWXGLHV IRUGLVVLPLODUZHOGV
)LJ('$;DQDO\VLVLQQXJJHWDUHDRIZHOGSURGXFHGDWDUSPDQGPPPLQIRU7DSHUF\OLQGULFDOWKUHDGHGSURILOH EUSPDQG
PPPLQIRU7DSHU6TXDUHWKUHDGHGSURILOHFUSPDQGPPPLQIRU6LPSOH6TXDUHSURILOH
7KH('$;DQDO\VLV LQ)LJ UHYHDOV WKHSUHVHQFHRI DOOR\LQJHOHPHQWV IRUERWK DOXPLQLXPDOOR\VDQG LVZHOO
PL[HGLQWKHQXJJHWDUHDRIWKHZHOG IRUDOOSLQSURILOHVXVHGDWD 7&7 WRROZLWKUSP	PPPLQE767
WRROZLWKUSP	PPPLQF66WRROZLWK USP	PPPLQ
 (IIHFWRI:HOGLQJSDUDPHWHUVRQ0LFURVWUXFWXUH
 5RWDWLRQDO6SHHG
5HIHUHQFH WR WKHRSWLFDODQG6(0 LPDJHV IRUDQ\SDUWLFXODUZHOGLQJVSHHG WKH WHQVLOH VWUHQJWK LQFUHDVHV ILUVW
UHDFKHVDPD[LPXPYDOXHDQGWKHQGHFUHDVHVZLWKLQFUHDVLQJWKHURWDWLRQDOVSHHG6LPLODUWUHQGLVREVHUYHGIRUWKH
WRROSLQSURILOHVFRQVLGHUHGDVFHQGLQJIURP667&7DQG767WRROV*HQHUDOO\WKHWHQVLOHVWUHQJWKLVSRRUDWORZHU
URWDWLRQDOVSHHGVGXHWRLQDGHTXDWHWRROVWLUULQJDFWLRQ)RUWKHURWDWLRQDOVSHHGRIUSPWKHIULFWLRQDOKHDWLVORZ
FDXVLQJSRRUPDWHULDOIORZZKLFKUHVXOWVLQUHGXFWLRQRIWHQVLOHVWUHQJWK:KHQ WKHVSHHGRIWKHWRROLVLQFUHDVHGWR
 USP WKH VWUDLQKDUGHQLQJHIIHFW LQGXFHGE\ WRRO VWLUULQJDFWLRQ LQFUHDVHV WKH WHQVLOH VWUHQJWK&RQYHUVHO\ WKH
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WHQVLOHVWUHQJWKGHFUHDVHVDVWKHURWDWLRQDOVSHHGRIWKHWRROLVIXUWKHULQFUHDVHGWRUSP7KH UHDVRQIRUWKHVDPH
LV GXH WR UHSUHFLSLWDWLRQ UHGXFWLRQ LQ GLVORFDWLRQ GHQVLW\ DQG FRDUVHQLQJ RI VWUHQJWKHQLQJ SUHFLSLWDWHV FDXVHG E\
H[FHVVIULFWLRQDOKHDW+HQFHWKHURWDWLRQDOVSHHGRIUSP\LHOGVKLJKHUWHQVLOHVWUHQJWK
 :HOGLQJ6SHHG
5HIHUHQFHWRWKHRSWLFDODQG6(0LPDJHVIRUDJLYHQURWDWLRQDOVSHHGWKHLQFUHDVHRIZHOGLQJVSHHGLQFUHDVHVWKH
WHQVLOHVWUHQJWK WRDFHUWDLQYDOXHDQGIXUWKHU LQFUHDVHRIZHOGLQJVSHHGUHVXOWV LQGHFUHDVHRI WHQVLOHVWUHQJWK6LPLODU
EHKDYLRXUFDQEHREVHUYHGIRUZHOGLQJVSHHGDJDLQVWWKUHHGLIIHUHQWSLQSURILOHVRI667&7DQG767WRROV)RUORZHVW
PPPLQDQGKLJKHVWPPPLQZHOGLQJVSHHGVORZHUWHQVLOHVWUHQJWKVDUHREVHUYHG7KHORZHUZHOGLQJVSHHG
VLJQLILFDQWO\GHWHULRUDWHVWKHPHFKDQLFDOSURSHUWLHVRIMRLQWVGXHWRODUJHUKHDWLQSXWLQWRWKHZHOGVDPSOHVKRZHYHUDV
WKHZHOGLQJVSHHGLQFUHDVHVWKHWKHUPDOF\FOHVHIIHFWLVPLQLPL]HGZKLFKOHDGVWRDQLQFUHDVHLQWHQVLOHVWUHQJWK7KH
ORZHUWHQVLOHVWUHQJWKDWPPPLQLVGXHWRLQVXIILFLHQW IULFWLRQDOKHDWJHQHUDWHG$OOWKHWKUHHGLIIHUHQWWRROV\LHOG
ORZHU WHQVLOH VWUHQJWK DW WKH ORZHVWZHOGLQJ VSHHGRI PPPLQ)RU DOO WKHZHOGLQJ VSHHGV WKH7&7 WRRO H[KLELWV
KLJKHUWHQVLOHVWUHQJWKZKHUHDVORZHUWHQVLOHVWUHQJWKLVREVHUYHGIRU767WRRO
 7RRO 3LQ3URILOH
7KHGLVVLPLODU MRLQWV IDEULFDWHGXVLQJ WKH7&7WRROKDVPD[LPXPWHQVLOHVWUHQJWKFRPSDUHG WR WKH MRLQWVPDGH
XVLQJ66DQG767WRROVIRUDQ\ZHOGLQJDQGURWDWLRQDOVSHHG
 5HVXOWVDQGGLVFXVVLRQV
7KHIROORZLQJFRQFOXVLRQVDUH GUDZQIURPWKHSUHVHQWVWXG\
x 7KH PD[LPXP WHQVLOH VWUHQJWK RI  03D RFFXUV IRU 7DSHU F\OLQGULFDO WKUHDGHG SURILOH ZLWK WKH
URWDWLRQDOVSHHGRIUSPDQGZHOGLQJVSHHGRIPPPLQZKHUHDVIRUWKHSDUDPHWHUVUSPDQG
PPPLQ7DSHU 6TXDUH WKUHDGHG SURILOH \LHOGV ORZHU WHQVLOH VWUHQJWK RI 03D7KH UHDVRQ IRU WKH
ORZHUYDOXHFDQEHDWWULEXWHGWRWKHSRRUIXVLRQRIWKHWZRSODWHVDQGWKLVLVHYLGHQWIURPWKHPDFURLPDJHV
ZKLFKVKRZODUJHUGLVFRQWLQXLW\DWWKHEXWWDUHD
x 7KH('$;DQDO\VLV UHYHDOV WKDW WKHFRQVWLWXHQWVRIDQGDUHSUHVHQWDW WKHQXJJHW]RQH IRU WKH
WKUHHFRPELQDWLRQVWKDW\LHOGKLJKHUWHQVLOHVWUHQJWK
x ,WLVREVHUYHGIURPWKH2SWLFDODQG6(0JUDSKVWKDWWKHUHLVXQHYHQGLVWULEXWLRQRIWZRPDWHULDOVDQG
LQWKHQXJJHW]RQHIRUWKHFRPELQDWLRQVUSPDQGPPPLQ7DSHUVTXDUHWKUHDGHGSURILOHDQG
USPDQGPPPLQ6LPSOH6TXDUHSURILOHZKLFK\LHOGVWHQVLOHVWUHQJWKRI03DDQG
03DUHVSHFWLYHO\
x 7KHWDSHUF\OLQGULFDOWKUHDGHGWRROH[KLELWVJRRGWHQVLOHVWUHQJWKRI03DFRPSDUHGWRRWKHUWRROV
5HIHUHQFHV
7KRPDV:0 1LFKRODV(' 1HHGKDP-& 0XUFK0* 7HPSOH63 'DZHV&-  )ULFWLRQVWLUEXWWZHOGLQJ,QWHUQDWLRQDO3DWHQW
$SSOLFDWLRQ1R3&7*%
0DKRQH\0: 5KRGHV&* )OLQWRII -* 6SXUOLQJ 5$ %LQJHO:+ 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±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
7HK\R00XDQJMXQEXUHH 3 %LQUDKHHP $ &KXFKRP 68WDPDUDW 1 ,QIOXHQFHRIIULFWLRQVWLUZHOGLQJSDUDPHWHUVRQPHWDOOXUJLFDO
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